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$ GLVFXVVLRQ E\ 'U� -� .UDPHU

$OO YLGHR VLJQDOV WKDW HQG XS RQ D PRQLWRU FDUU\ ZLWK WKHP V\QFKURQL]DWLRQ LQIRUPDWLRQ�

:KHWKHU WKRVH DUH DQDORJ VLJQDOV �&RPSRVLWH� <�&� &RPSRQHQW DQG 5*%� RU GLJLWDO �6',

HWF�� 7KH V\QFKURQL]DWLRQ VLJQDOV DUH QHHGHG IRU SURSHU DOLJQPHQW RI WKH LPDJH RQ WKH VFUHHQ�

0DQ\ SUREOHPV� ZKLFK DUH V\QF� UHODWHG DUH VRPHWLPHV PLVLQWHUSUHWHG� DQG RWKHU FRPSRQHQWV

RI WKH VLJQDOV DUH EHLQJ EODPHG�

,Q WKLV GLVFXVVLRQ ,·OO WU\ WR VROYH WKH V\QF P\VWHU\ IRU SURSHU SUREOHP XQGHUVWDQGLQJ

DQG KHQFH VROXWLRQ ILQGLQJ�

6\QF W\SHV

,Q PRVW NQRZQ YLGHR IRUPDWV� WKHUH DUH WZR W\SHV RI V\QF VLJQDOV ² WKH +RUL]RQWDO V\QF

DQG WKH 9HUWLFDO V\QF� 7KH +RUL]RQWDO V\QF� �RIWHQ UHIHUUHG WR DV WKH /LQH V\QF� LQ D

FRPSRVLWH YLGHR VLJQDO LV D VKRUW� QHJDWLYHO\ JRLQJ SXOVH DW WKH EHJLQQLQJ RI HDFK VFDQ OLQH RI

WKH PRQLWRU�

%DVLFDOO\� WKLV SXOVH ´WHOOVµ WKH PRQLWRU ² ´EH SUHSDUHG ² D OLQH RI GDWD LV FRPLQJµ� 7KH

+RUL]RQWDO V\QF UHVLGHV LQ WKH %ODQNLQJ DUHD ² WKH XQVHHQ SDUW RI WKH VLJQDO� WKHUHIRUH� LW LV QRW

VHHQ RQ WKH VFUHHQ� 7KHUH LV DQ LGHQWLFDO QXPEHU RI /LQH V\QF SXOVHV DQG YLGHR OLQHV�

7KH 9HUWLFDO V\QF �VRPHWLPHV UHIHUUHG WR DV WKH )LHOG V\QF� LV DJDLQ D QHJDWLYH JRLQJ VHW

RI SXOVHV DW WKH EHJLQQLQJ RI HDFK YLGHR ILHOG ��� ILHOG�VHF� LQ 176&� �� ILHOGV�VHF� LQ 3$/��

7KH 9HUWLFDO V\QF LV D PRUH FRPSOLFDWHG VLJQDO WKDQ WKH +RUL]RQWDO V\QF DQG LW WHOOV WKH

PRQLWRU ² ´EH SUHSDUHG� D QHZ ILHOG RI GDWD LV FRPLQJµ� 7KH 9HUWLFDO V\QF DOVR UHVLGHV LQ WKH

%ODQNLQJ DUHD� DV LV QRW VHHQ RQ WKH VFUHHQ�



6\QF ORFDWLRQ

7KH V\QF VLJQDOV DSSHDU LQ WKH IROORZLQJ ORFDWLRQV RI WKH GLIIHUHQW YLGHR IRUPDWV�

� ,Q WKH &RPSRVLWH YLGHR VLJQDO� LW LV DQ LQWHJUDO SDUW RI WKH VLJQDO DV WKH &RPSRVLWH

YLGHR VLJQDO LV FRPSULVHG RI D SDFNDJH LQFOXGLQJ V\QF LQIRUPDWLRQ �+RUL]RQWDO DQG

9HUWLFDO�� /XPLQDQFH LQIRUPDWLRQ DQG &KURPLQDQFH �FRORU� LQIRUPDWLRQ�

�7KH V�9LGHR VLJQDO IRUPDW LV PDGH RI WZR SDUWV ² WKH /XPLQDQFH �EULJKWQHVV� EODFN 	

ZKLWH LQIRUPDWLRQ� DQG WKH &KURPLQDQFH �FRORU LQIRUPDWLRQ�� 7KH V\QF VLJQDOV LQ WKLV

IRUPDW DUH SDUW RI WKH OXPLQDQFH �<� VLJQDO� LQ D VLPLODU PDQQHU WR WKDW RI WKH &RPSRVLWH

YLGHR VLJQDO�

�,Q WKH &RPSRQHQW YLGHR VLJQDO� ZKLFK LV FRPSULVHG RI WKUHH VLJQDOV ² WKH /XPLQDQFH

VLJQDO �<� DQG WKH WZR FRORU GLIIHUHQFH VLJQDOV� 5�< DQG %�< WKH V\QF VLJQDOV UHVLGH LQ WKH <

VLJQDO� LQ D VLPLODU ZD\ WR WKH &RPSRVLWH DQG V�9LGHR VLJQDOV�

�:KHQ LW FRPHV WR 5*% �5HG� *UHHQ� %OXH� VLJQDOV XVHG LQ SURIHVVLRQDO FRPSXWHU

JUDSKLFV DQG GLVSOD\ DSSOLFDWLRQV� WKHUH DUH VHYHUDO RSWLRQV IRU WKH V\QF VLJQDOV WR EH FDUULHG

DORQJ ZLWK WKH GDWD� 7KH ILUVW DQG PRVW FRPPRQ RQH LV D VHSDUDWH $QDORJ 6\QF FKDQQHO ²

DQG KHQFH WKH V\VWHP LV FRPSULVHG RQ � ZLUHV FDUU\LQJ VLJQDOV ² DQG LV QDPHG 5*%6

IRUPDW�

�$QRWKHU SRSXODU IRUPDW XVHV RQO\ WKUHH ZLUHV ² 5HG� %OXH �DV LQ WKH DERYH FRQILJXUDWLRQ�

DQG *UHHQ�6\QF� ZKHUH WKH V\QF ULGHV RQ WKH JUHHQ VLJQDO� ,Q WKLV IRUPDW� WKH VLJQDO OHYHOV

DUH QRW LGHQWLFDO DV WKH *UHHQ VLJQDO KDV D ODUJHU DPSOLWXGH GXH WR WKH V\QF LW FDUULHV� DQG

WKH V\QF VLJQDOV VKRXOG EH WULSSHG RII LQ RUGHU WR UHFRYHU WKH QRUPDO JUHHQ V\QF OHYHO�

�$ VXEVHW RI WKLV IRUPDW LQVHUWV WKH V\QF VLJQDOV LQ DOO WKUHH GDWD FKDQQHOV ² H�J��

5HG�6\QF� %OXH�6\QF DQG *UHHQ�6\QF�



�7KH IRUPDW JHQHUDWHG E\ D &RPSXWHU *UDSKLFV FDUG LV QRUPDOO\ PDGH RI � GLIIHUHQW

VLJQDOV� 5HG� *UHHQ� %OXH� +RUL]RQWDO V\QF DQG 9HUWLFDO V\QF �VRPHWLPHV UHIHUUHG WR DV +V

DQG 9V�� 7R PDNH WKLQJV PRUH FRPSOLFDWHG ² WKH GDWD FKDQQHOV ² 5� *� % DUH DQDORJ

FKDQQHOV �WKHLU OHYHO YDULHV LQ D FRQWLQXRXV ZD\ IURP � WR PD[LPXP� EXW WKH V\QF VLJQDOV

DUH GLJLWDO IRUPDW VLJQDOV ² �77/ OHYHO� EHLQJ HLWKHU � RU � �� YROWV RU � YROWV�� 7R PDNH

WKLQJV HYHQ PRUH FRPSOLFDWHG� LQ FRQWUDVW WR WKH DQDORJ V\QF VLJQDOV ZKLFK DUH

QHJDWLYH�JRLQJ SXOVHV� WKH FRPSXWHU JHQHUDWHG ORJLF�OHYHO V\QFV FDQ DSSHDU LQ ERWK

GLUHFWLRQV� 6RPHWLPHV RQH RI WKH V\QFV LV SRVLWLYH DQG WKH RWKHU LV QHJDWLYH JRLQJ�

VRPHWLPHV ERWK DUH HLWKHU SRVLWLYH RU QHJDWLYH JRLQJ� 7KH V\QF GLUHFWLRQ LV GLFWDWHG E\ WKH

VRXUFH ² WKH JUDSKLFV FDUG DQG LV GHSHQGHQW RQ WKH UHTXLUHG UHVROXWLRQ� ,Q WKH SDVW� WKH

V\QF GLUHFWLRQ ZDV PHVVDJLQJ WKH PRQLWRU ZKLFK UHVROXWLRQ WR FKRRVH� 1RZDGD\V� PRVW RI

WKH PRQLWRUV DUH VPDUWHU DQG VHW WKH UHVROXWLRQ DXWRPDWLFDOO\� EXW QHYHUWKHOHVV� WKH FDUGV

VWLOO JHQHUDWH WKRVH V\QF VLJQDOV�

�$QRWKHU WZLVW WR WKLV IRUPDW LV WKH IDFW WKDW LQ PRVW FDVHV WKH ORJLF�OHYHO V\QFV DUH

VHSDUDWHG DQG DUH UXQQLQJ HDFK LQ LW·V RZQ FKDQQHO� EXW WKHUH DUH FDVHV ZKHQ WKH ORJLF�OHYHO

V\QFV FRPH FRPSRVLWH ² MRLQHG WRJHWKHU LQ WKH VDPH PL[ RI GLUHFWLRQV�

�,Q WKH GLJLWDO ZRUOG ² 6',� '9� 03(* DQG RWKHU IRUPDWV� WKH V\QFKURQL]DWLRQ VLJQDOV

HLWKHU WUDYHO LQ D VSHFLDO GLJLWDO V\QF FKDQQHO RU� LQ PRVW FDVHV� DUH HPEHGGHG LQ WKH GLJLWDO

VLJQDO� 5HWULHYLQJ WKH V\QF LQIRUPDWLRQ ZKHQ HPEHGGHG LQ WKH GLJLWDO VLJQDO LQYROYHV

FRPSOLFDWHG FLUFXLWU\ DQG WKH GLVFXVVLRQ RQ SUREOHPV UHODWHG WR GLJLWDO V\QFV ZLOO QRW EH

SUHVHQWHG KHUH�

6RPH FRPPRQ SUREOHPV

9HU\ RIWHQ� SUREOHPV� ZKLFK DUH V\QF�RULJLQDWHG� GLVJXLVH WKHPVHOYHV WR D SRLQW ZKHUH LW

VHHPV WKDW WKH GDWD LV IDXOW\� DQG WKH V\QF VHFWLRQ LV QRW VXVSHFWHG DW DOO�

7KH VWDQGDUG YLGHR V\QF OHYHO LQ &RPSRVLWH� V�9LGHR �<�&� DQG &RPSRQHQW YLGHR

IRUPDWV LV DSSUR[LPDWHO\ ��� 9ROWV QHJDWLYH JRLQJ GLUHFWLRQ� 0RVW VLJQDO DFFHSWRUV ² PRQLWRUV�

9&5V HWF�� DUH GHVLJQHG WR DFFHSW WKLV OHYHO ZLWKRXW DQ\ SUREOHP� 7KH WROHUDQFH LQ PRVW FDVHV

LV TXLWH ODUJH ² PRVW PRQLWRUV IRU H[DPSOH� DUH DEOH WR ORFN RQ VLJQDOV DV ORZ DV ��� 9ROWV RU

HYHQ ���� 9ROWV�

7KLV LV WKH EDVLF VWDQGDUG� KRZHYHU� D KRVW RI DFFHSWRUV VXFK DV YLGHR JUDEELQJ FDUGV�

VSHFLDO PRQLWRUV DQG RWKHUV UHTXLUH D V\QF OHYHO ZKLFK LV VXEVWDQWLDOO\ KLJKHU� � 9ROW� � 9ROWV�

� 9ROWV DQG VR RQ� 7KRVH DFFHSWRUV XVXDOO\ KDYH D VSHFLDO V\QF LQSXW VRFNHW OLNH LQ WKH 5*%6

IRUPDW� ,I WKRVH DFFHSWRUV UHFHLYH D VLJQDO ZLWK ORZHU V\QF OHYHOV WKDQ WKH\ UHTXLUH� WKH LPDJH

JHWV HLWKHU GLVWRUWHG RU YDQLVKHV DW DOO ² ZKLFK OHDGV WR EHOLHYH WKDW WKHUH LV VRPHWKLQJ ZURQJ

ZLWK WKH GDWD�

,Q &RPSRVLWH� V�9LGHR �<�&� DQG &RPSRQHQW YLGHR IRUPDWV WKLV LV XVXDOO\ QRW

KDSSHQLQJ� :KHQ WKH V\QF OHYHO IRU VRPH UHDVRQ JRHV EHORZ DFFHSWDEOH VWDQGDUG OHYHO� WKH

LPDJH JHWV GLVWRUWHG RU VWDUWV UROOLQJ RQ WKH VFUHHQ EXW GRHVQ·W YDQLVK�

$ FRPPRQ SUREOHP LQ KLJK JHQHUDWLRQ FRSLHV LV DWWHQXDWLRQ RI WKH QDUURZ VLJQDOV VXUURXQGLQJ

DQG ZLWKLQ WKH YHUWLFDO V\QF ² WKH VHUUDWLRQ DQG WKH HTXDOL]DWLRQ SXOVHV WKDW DUH QHHGHG IRU

SURSHU LPDJH GLVSOD\ RQ WKH VFUHHQ�



7KH PRVW FRPPRQ HIIHFW ZKHQ WKH YHUWLFDO V\QF LV GDPDJHG LV HLWKHU D MLWWHU\ LPDJH RQ

WKH VFUHHQ RU WKH ´IODJJLQJ HIIHFWµ ZKHUH WKH XSSHU SDUW RI WKH VFUHHQ LV VNHZLQJ VLGHZLVH

ORRNLQJ OLNH D IODJ�

9DULRXV SURFHVVRUV ZKLFK LQVHUW VLJQDOV LQWR WKH 9HUWLFDO EODQNLQJ DUHD ² VXFK DV WLPH

FRGH� WHOHWH[W DQG FRS\ SURWHFWLRQ VFKHPHV PD\ FDXVH DQ LPDJH LQVWDELOLW\� PDLQO\ GXH WR

LQGLUHFW V\QF GHWHULRUDWLRQ DV D UHVXOW RI WKH $*& �DXWRPDWLF JDLQ FRQWURO� IXQFWLRQ EXLOW�LQ

WKH DFFHSWRU� JHWWLQJ XQQHFHVVDULO\ DFWLYDWHG�

7KH UHVXOW LV DJDLQ ² LPDJH LQVWDELOLW\� UROOLQJ SLFWXUH RQ WKH VFUHHQ� ´)ODJJLQJµ DQG D KRVW

RI RWKHU QHJDWLYH HIIHFWV�

7KH PDLQ FDXVH IRU WKH DERYH�PHQWLRQHG SUREOHPV LV LPSURSHU DQDORJ V\QF OHYHOV� ,Q WKH

ORJLF�OHYHO V\QF ZRUOG WKLV VKRXOGQ·W KDSSHQ� 7KDW LV LQ WKHRU\�

+RZHYHU� QHZ SUREOHPV ² OHYHO RULHQWHG DOVR H[LVW LQ WKH ORJLF�OHYHO V\QF ZRUOG�

8S WR VHYHUDO \HDUV DJR� 77/ �WUDQVLVWRU�WUDQVLVWRU ORJLF� VWDQGDUG OHYHOV ZHUH GHILQHG DV

� YROWV IRU ORJLF OHYHO ´�µ DQG � 9ROWV �QRPLQDO� IRU ORJLF OHYHO ´�µ� 7KHUH ZDV D FHUWDLQ

WROHUDQFH IURP ZKDW OHYHO ´�µ VWDUWV DQG ZKDW OHYHO FDQ DOUHDG\ EH GHFODUHG DV ´�µ DQG PRVW

HTXLSPHQW FRQIRUPHG WR WKLV VWDQGDUG� ,Q WKH ODVW \HDUV� DV FRPSXWHUV JRW IDVWHU DQG IDVWHU

DQG KHQFH KRWWHU� LW ZDV GHFLGHG WR GURS VRPH ORJLF VXSSO\ YROWDJHV GRZQ WR ��� 9ROWV DQG

HYHQ ORZHU� :KHQ WKLV KDSSHQHG� WKH ´�µ OHYHO LV VWLOO � 9ROWV� EXW WKH ´�µ OHYHO LV QRZ ���

9ROWV� 0DNLQJ WKH ´�µ DQG ´�µ OHYHOV WR FRSH ZLWK WKH UHDO ZRUOG� WKH WROHUDQFH GHILQLWLRQV

ZHUH FKDQJHG� 7KH ERWWRP OLQH LV WKDW LQ VRPH FDVHV� RQH GHYLFH VHQGV D ORJLF VLJQDO RI ´�µ�

ZKLOH XVLQJ ��� 9ROWV ORJLF �RU ORZHU� EXW WKH UHFHLYLQJ GHYLFH LQWHUSUHWV WKLV OHYHO DV ´�µ�

:KHQ LW FRPHV WR V\QF VLJQDOV ² WKLV LV LPPHGLDWHO\ FDXVLQJ DOO WKH QHJDWLYH HIIHFWV PHQWLRQHG

DERYH�

%HVLGHV WKH ORJLF LQFRPSDWLELOLW\ SUREOHPV �ZKLFK DUH TXLWH ZHOO WUHDWHG E\ PRVW

PDQXIDFWXUHUV XVLQJ ORJLF�WUDQVODWRUV FLUFXLWU\�� DQRWKHU ´PLQH�ILHOGµ LV EHLQJ VHW�

7KH FRPSXWHU JUDSKLFV ZRUOG LV KLJKO\ OLQNHG QRZDGD\V WR WKH DQDORJ ZRUOG� $ ORW RI YLGHR

SURGXFWLRQV DUH PDGH� HGLWHG DQG VWRUHG LQ FRPSXWHUV� 6RPH DUH RXWSXWWHG IURP WKH

FRPSXWHU XVLQJ VSHFLDO FDUGV� VRPH XVH WKH JUDSKLFV FDUGV WKHPVHOYHV�

7KH DQDORJ ZRUOG QHHGV WR JHW� LQ PRVW FDVHV� D FRPSRVLWH V\QF VLJQDO RI ��� 9ROWV PDJQLWXGH�

,I FRPSXWHU UHODWHG V\QFV DUH WUDQVIRUPHG WR YLGHR OHYHOV� D SUREOHP PD\ DULVH DV IROORZLQJ�

OHW·V DVVXPH WKDW LQ RUGHU WR FRQYHUW D VWDQGDUG ORJLF OHYHO V\QF �� 9ROWV� WR DQDORJ YLGHR V\QF

OHYHOV� D YROWDJH GLYLGHU IURP � 9ROWV WR ��� 9ROWV LV QHHGHG� VRPH ���IROG GLYLVLRQ� ,I D ORJLF

OHYHO RI ��� 9ROWV LV XVHG� UXQQLQJ DW D ORZHU WROHUDQFH RI VD\ ��� 9ROWV ² WKHQ WKH GLYLVLRQ ZLOO

UHVXOW LQ D V\QF VLJQDO OHYHO RI ���� 9ROWV ���� 9ROWV GLYLGHG LQ ����� ² ORZHU WKDQ DFFHSWDEOH�

7KHUH·V QR QHHG WR VD\ ZKDW ZLOO KDSSHQ WR WKH DQDORJ VLJQDO�

$QRWKHU FDWFK ² ZKDW LI WKH +RUL]RQWDO V\QF LV QHJDWLYH JRLQJ DQG WKH 9HUWLFDO V\QF LV

SRVLWLYHO\ JRLQJ DQG WKH\ VKRXOG EH WUDQVODWHG WR DQ DQDORJ VLJQDO"



7KH VROXWLRQ VLWH

7KH ILUVW VWHS WR FKRRVH D VROXWLRQ LV WR FRUUHFWO\ LGHQWLI\ WKH SUREOHP�

:KHQ GDWD GLVDSSHDUV IURP WKH VFUHHQ� WKH LQLWLDO UHVSRQVH LV WR ORRN IRU SUREOHPV LQ WKH

GDWD SDWK� EXW LW VKRXOG EH ERUQ LQ PLQG WKDW LW FRXOG EH D V\QF�UHODWHG SUREOHP� )RU D

WHFKQLFDO SHUVRQ� XVLQJ DQ RVFLOORVFRSH LW LV TXLWH HDV\ WR ILQG ZKDW LV ZURQJ� -XVW PRQLWRU WKH

GDWD FKDQQHOV DQG WKH V\QF FKDQQHOV ² DQG WKH DQVZHU LV VWUDLJKWIRUZDUG�

/HW·V DVVXPH WKDW WKH SUREOHP ZDV LGHQWLILHG WR EH V\QF UHODWHG�

� :KHQ DQDORJ V\QF OHYHOV DUH WRR ORZ WKHQ D VWDQGDUG YLGHR DPSOLILHU ZLWK OHYHO

DGMXVWPHQWV VKRXOG EH XVHG� 7KH V\QF LV LQVHUWHG DV D YLGHR VLJQDO� DQG E\ XVLQJ WKH

FRQWUROV RI WKH DPSOLILHU� WKH OHYHO LV DGMXVWHG WR WKH VWDQGDUG OHYHO�

� :KHQ DQ DQDORJ V\QF VLJQDO VHHPV WR EH GLVWRUWHG DW WKH YHUWLFDO EODQNLQJ DUHD ²

PLVVLQJ HTXDOL]LQJ SXOVHV RU VHUUDWLRQV RU KDYLQJ V\QF GLVWXUELQJ LQIRUPDWLRQ LQ WKLV DUHD ²

WKHQ HLWKHU DQ H[SHQVLYH VROXWLRQ FDQ EH XVHG� VXFK DV D 7%& �7LPH %DVH &RUUHFWRU� RU

OHVV H[SHQVLYH� GHGLFDWHG PDFKLQHV PD\ EH XVHG� 6XFK PDFKLQHV ² HLWKHU V\QF VWDELOL]HUV

² ZKLFK ´FOHDQ�XSµ WKH WHOHWH[W� WLPH�FRGH� FORVHG�FDSWLRQ DQG RWKHU LQIRUPDWLRQ FDQ EH

XVHG� RU� PDFKLQHV WKDW UHSODFH WKH ZKROH +RUL]RQWDO DQG 9HUWLFDO EODQNLQJ DUHD� DV ZHOO

DV WKH FRORU EXUVW ZLWK QHZO\ JHQHUDWHG VLJQDOV ² VXFK DV %ODFN�%XUVW 5HVWRULQJ GHYLFHV�

� :KHQ ORJLF OHYHO V\QFV DUH LQYROYHG� LW VKRXOG EH GHFLGHG ZKHWKHU WKH V\QF GLUHFWLRQ LV

WKH SUREOHP ² �SRVLWLYH LQVWHDG RI QHJDWLYH IRU H[DPSOH� RU WKH DQDORJ�FRQYHUWHG V\QF

OHYHO LV ZURQJ� ,I WKH SUREOHP UHVXOWV IURP ZURQJ V\QF GLUHFWLRQ� WKHQ GHYLFHV WKDW

´UHFWLI\µ WKH V\QFV LQWR WKH ULJKW GLUHFWLRQV DUH QHHGHG� 6\QF�GLUHFWLRQ�UHFWLI\ SURFHVVRUV

DUH XVXDOO\ SDUW RI RWKHU GHYLFHV ZKLFK FRPELQH 77/ V\QFV ZLWK DQDORJ VLJQDOV

�6\QF�WR�*UHHQ $GGHUV IRU H[DPSOH�� 7KRVH GHYLFHV XVXDOO\ FRPSULVH DGGLWLRQDO FLUFXLWU\

WKDW PD\ VROYH WKH VHFRQG SUREOHP ² V\QFV ZLWK ZURQJ ORJLF OHYHO� 7KRVH GHYLFHV LQFOXGH

D V\QF ORJLF�OHYHO WUDQVODWRU WR HOLPLQDWH WKH OHYHO LQFRPSDWLELOLW\�

� (YHQ ZKHQ HYHU\WKLQJ VHHPV FRUUHFW ² WKH V\QF VRXUFH JHQHUDWHV D VLJQDO ZLWKLQ LW·V

VSHFLILFDWLRQV DQG WKH DFFHSWRU LV GHVLJQHG WR DFFHSW VWDQGDUG V\QF LQIRUPDWLRQ� D TXLFN

FKHFN ZKHWKHU ERWK PDFKLQHV ´WDONµ WKH VDPH ODQJXDJH LV QHHGHG� ,W RQO\ WDNHV WR UHDG

WKH ODVW SDJH RI WKH PDQXDO� ZKHUH WKH WHFKQLFDO VSHFLILFDWLRQV DUH GHVFULEHG�

� ,Q WKH FDVH WKDW D V\QF VLJQDO ULGHV RQ DOO GDWD VLJQDOV ² 5HG� *UHHQ DQG %OXH DQG LI QRW

WDNHQ FDUH�RI� ZKHQ WKH VLJQDOV DUH LQSXWWHG WR D PDFKLQH ZKLFK DFFHSWV 5HG� %OXH DQG

*UHHQ�6\QF� D ZURQJ FRORU LV VKRZQ RQ WKH RXWSXW� XVXDOO\ ZLWK D SXUSOLVK WLQW� 7KLV LV

WKH UHVXOW RI IHHGLQJ 5HG DQG %OXH VLJQDOV KLJKHU WKDQ QRUPDO �DV WKH\ ´ULGHµ RQ WKH V\QF��

7R VROYH WKLV SUREOHP� VRPH DFFHSWRUV KDYH EXLOW�LQ VZLWFKHV RU VRIWZDUH FRPPDQGV WR

LJQRUH WKRVH ZHLUG VLJQDOV DQG WKRVH FRQWUROV VKRXOG EH DFWLYDWHG� RU D ´V\QF�VKDYHUµ

PDFKLQH VKRXOG EH XVHG� RQH IRU HDFK RI WKH 5HG DQG %OXH FKDQQHOV� 7KLV GHYLFH

´VKDYHV�RIIµ DQG VWULSV WKH V\QF VLJQDO RII WKH GDWD VLJQDO� 7KLV LV D YHU\ FRPPRQ SUREOHP

DQG WKH DERYH�PHQWLRQHG VLPSOH VROXWLRQ LV RIWHQ LJQRUHG�



� 6RPHWLPHV� D YLGHR LPDJH VKRZV LQVWDELOLW\ GXH WR VORZO\ UROOLQJ KRUL]RQWDO EDUV� ,W FDQ

EH HDVLO\ DVVXPHG WKDW WKLV LV D V\QF�UHODWHG SUREOHP� EXW YHU\ RIWHQ LW·V QRW� ,PDJH

LQVWDELOLW\ DQG UROOLQJ EDUV FDQ UHVXOW IURP JURXQG�UHODWHG SUREOHPV� :KHQ WZR GHYLFHV

DUH FRQQHFWHG ZLWK D FDEOH� WKH\ PD\ EH IHG IURP VRXUFHV ZLWK GLIIHUHQW JURXQG

SRWHQWLDOV� 7KH GLIIHUHQFH LQ JURXQG SRWHQWLDOV �ZKLFK VKRXOG EH ´�µ YROWV E\ WKH ERRN�

FUHDWHV D JURXQG LQGXFHG FXUUHQW WKDW IORZV ZLWK VLJQDO� PRGXODWHV LW DQG FUHDWHV WKH

SKHQRPHQRQ GHVFULEHG DERYH� 7KH VROXWLRQ WR WKLV SUREOHP LV JURXQG LVRODWLRQ� ,W FDQ EH

GRQH HLWKHU E\ VSHFLDO WUDQVIRUPHUV �WKDW XQIRUWXQDWHO\ PLJKW LPSDLU WKH IUHTXHQF\

UHVSRQVH RI WKH VLJQDOV LQYROYHG� RU HOHFWURQLF GHYLFHV ² XWLOL]LQJ RSWR�LVRODWRU WHFKQRORJ\

RU RWKHU HOHFWURQLF PHDQV� &KHFNLQJ ZKHWKHU WKLV LV WKH VRXUFH RI WKH SUREOHP RU QRW LV

HDV\ ² LW·V MXVW PHDVXULQJ� XVLQJ D YROWPHWHU� ZKHWKHU D JURXQG SRWHQWLDO H[LWV EHWZHHQ

ERWK SRLQWV� &DUH VKRXOG EH WDNHQ WR DYRLG WRXFKLQJ GHYLFHV RU ZLUHV FDUU\LQJ GDQJHURXV

PDLQV YROWDJHV�


